INTRODUCTION
IT is the purpose of tlhis paper to draw attenitioni to a ilnetho(l ol treatmenit of acute uremia, to review very bl)icfly the history of the subject, alnd1 to describe a case in which this form of treatmenit was successfully applied.
Meth.ods of treatment of urwmia, in addition to those directed at the cause, have, in the past, included purgation, diaphoresis and gastro-duodenal suction; venesectioni; administrationi of fluids 0rally, intravenously, anid rectally; dialysationi by an "artificial 'kidney" outside the body, first usedl in experimental animals by Abel, Rowntree, anid Turner1 in 1912; again used by Thalimat2 in experimental animals in 1938; anid developed anid used during the war oni human patients by Kolff and He confirm-ned C)rlow's observationis on1 the initial chaniiges in lvpo-and hypertonic solutions, noted that solutions of any strength were ultimately absorbed, anid that, before complete absorption, a more or less complete osmotic equilibrium wvith the blood plasma is reached; that is, diffusible substanices presenit in excess in the injected fluid diffuse inlto the blood-stream, and diffusible products present in the blood, but not in the injected fluid, pass out into the peritoneal cavity.
It is to be noted that in some of his animals a higher concentratioll of urea appearod in the peritoneal fluid than was present in the blood, and that protein appeared in the peritoneal fluid when simple salt solutions were injected. The former 'may be explained by the limits of error in estimation, but comment will be made on this later. TIhe latter may be an irritative exudation.
Putnam also recovered from the peritoneal fluid such substances as chlorbutanol given into the stomach, and salicylates and other crystalloids given intravenously. WVhen ether was used to anwsthetise the animals, the odour of ether was-detected in fluid recovered from the peritoneal cavity.
In For three weeks before admission she had severe, intermittent colicky pain radiating from the left renal angle to the groin, at times necessitating morphia for its relief. During this perio'd there was increasing oliguria, and she ha(i passed only a very few ounces of urine during the two days preceding admission.
On examination, she was found to be a stout woman, showing some evidence of ana.mia, no cyanosis, and no cedema. Straight X-ray of the abdomen showed no evidlence of calculus, but in view of the history ancl the fact that her pain had disappeare(d on admissioni, she was thought to be a case of renal colic, (lue to a small stone, which had been passedl an(d had escaped detectioni, with resulting reflex suppression of urine.
On her first hospital day she passed no urine. Onl the second day she was catheterised anid 11 ounces (43 ml.) of urine were obtained. No further urine was passed that day, on which the blood urea level was 141 mg. per 100 ml. One pint /568 ml.) of 4.2 per cent. s-odium sulphate solution was given by intravenous drip and this was followed bv intravenous 5 Ihe abdomeni was flaccid, and, as it was clesire(l niot to risk perloratinig either the c;ecum or the dlescendling coloni by, entering throtugoh either iliac fossa, a small incision was ma(le through the skin and stuperficial fascia in the mid-line below the umbiliCuLs, and tlhrouLgh-this a trochar an(l cann1_ula were introduced inlto the pleritoneal cavitv.
A self-retaininom rubber catheter xvas then inserte(l through thc cainnula (whiicl was then with(drawn) and (1 to At mi(dnight 5i1 pints (3 litres) of fluid had been run into the peritoneal cavity and the patient had an obvious ascites. One ounce (28.4 ml.) was recovered and containedl 260 mg. of urea per 100 ml.
At 9 the next morning, the fifth hospital day and the secon(d day of dlialysation, a further pint (.568 ml.) of intra-peritoneal flui(d had been given. The patient was clinically very much better and was now passing urinie freely. The intra-perit-oneal drip xvas (liscontinue(l. A sample of peritoneal fluid (1 ounce;L 1 ml.) removed.at 12 noon showed the astonishing urea figure of 750 mg. per 100 ml.
I'he patient continued to improve clinically for a furtlher four (lays, and continue(l to pass increasingly copious amounts of urine. 'I'he blood urea fell to 104 mg. per 100 ml. on the sixth dav antd( to 80 mg. per 1 00 ml. onl the ninth dav after admission.
The next afternoon she had a rigor, with recovery to well-being in fifteen minutes, atn(d this was repeate(d the followinig day. Intra-muscular penicillin an(d sulphonamide therapy was comm-nenlce(d and two ounces (57 ml.) of foul-smelling purulent urine were obtainie(d by catheter; from this bacillus c.oli grew copiously.
Force(d fluids were given bv mouLth an(d were well tolerated, ancd the patienit rapidly recovered from this complicationi-a good urinary outptit being resumed.
On 16th Junei the bloo(d urea was 81 mg. per 100 ml. anld onl 3rd July, it had fallen to 27 mg. per 100 ml. (see graph, page 183).
Ihe patient had for some years been suffering from hypertensive heart disease -and bun(dle branch block, and(i ha(l not walkedl for three yea-rs. However, it was felt that a little gentle exercise would do her good: she was encouraged in this belief, and on her discharge on 5th July, after a stay of four and a half weeks, she walked out of hospital.
She was seen again one month later as an out-patient and had remained well, except for very slight swelling of her ankles toward evening if she stayed on her feet .too long or walked too far. Firstly, as I have said, owing to the mid-line position of the single catheter, on ly small samples of peritoneal fluid could be obtained. This meant that when the kidney resumed function it had to cope with waste pr.oducts re-absorbed from the peritoneal sac as the fluid absorbed, in addition to those already present. When ascites had deve'.oped I was prepared to put a second catheter into the right iliac fossa to drain the fluid off, but the patient's condition improved so rapidly once diuresis commenced that this was unnecessary. However, I decided that in any future cases, once a good "head" of ascitic fluid had developed, that I would use a second outflow catheter. This seemed to offer several advantages over the single catheter method :-More complete removal of fluid would be possible and the secondary rise of bl-ood urea after dialysation was discontinued, as described by Reid , Penfold, and Jones,. would be avoided; the peritoneum would be constantly bathed in a slowly-changing fresh dialysate and thereby a more constant and more rapid removal of waste products would be effected; and sudden intra-abdominal pressure changes would be avoided.
I did, in fact, have an opportunity of trying out this method in two subsequent cases. Mechanically, the dialysation was efficient, but unfortunately it was not effective in saving the life of the patient in either case. In each case the doctors in charge felt that the patient was dying, but thought that if uramia could be controlled there might be a chance of survival, and I was asked about dialysing the peritoneum to this end.
The first of these, whom I saw at the City Hospital on the invitation of Dr. C. M. B. Field and through the courtesy of Dr. S. R. Armstrong, was a boy of 12 with acute nephritis, anuria, and cedema. A concentration of 200 mg. of urea per 100 ml. was reached in the first pint of peritoneal fluid withdrawn, but despite intravenous therapy, including slow-drip blood transfusion, the boy,. who was also anamic, died, apparently of circulatory failure, on the third day.
The second case, whom I saw on the invitation of Dr. Douglas Blair, through the courtesy of Mr. Cecil Calvert, was a man of 27 who had been operated on for a brain tumour five days before, with oliguria since operation, and a rising blood urea which had reached 400 mg. per 100 ml.
There was in this case some difficulty in withdrawing fluid through the outflow catheter in the right iliac fossa, which blocked from time to time, presumably by omentum or bowel floating against the end of it. There was also considerable leakage round both catheters.
The figures are shown in the accompanying table. As can be seen from the table, considerable quantities of urea were eliminated from the blood-stream, and death on the seventh post-operative day, the third day of dialysation, was, I think, attributable to the brain tumour. Later, I found that Seligman and other workers in America4, 17 had employed two abdominal catheters with a suction apparatus attached to the outflow, the irrigation of the peritoneum being oontinuous. In Seligman, Frank, and Fine's successful case the rate of flow was 25 ml. per minute, but from data obtained from three other (unsuccessful) cases23 they conclude that the optimum rate is between 40 and 60 ml. per minute.
The second point I wish to comment on is the use of twice normal saline. I used this, without, I must confess, fully understanding why, because it had been employed by Reid, Penfold, and Jones, whose report was, up to that time, the only one I had seen on the subject. From a study of the literature it would appear that isotonic solutions are those of choice, but that if there is much cedema, hypertonic solutions may be temporarily employed.
If Ringer's or Tyrode's solutions are not readily available I would suggest the use of normal saline, which is easily and rapidly made up. If dialysation is continued for more than twenty-four to forty-eight hours, Ringer's or Tyrode's solution should, if possible, be used, and heparin should be added to prevent fibrin deposition. In addition, vitamins and glucose may be given by this route.
Thirdly, I want to say a word or two about the astonishing urea figure of 750 mg. per 100 ml. which was recorded in one of the samples of peritoneal fluid from the case I have described.
Dr. Shrager, who was responsible for the biochemical analyses, put the limits of error in estimation at a maximum of 50 mg. per cent. either way. In face of this I have sought, largely in vain, for an explanation of a peritoneai fluid urea figure some four times the concentration of the highest recorded blood-urea level. I would put the following suggestions to you (for some of which I. am indebted to Professor Henry Barcroft) (i) An error in estimation.
(ii) A sudden, temporary,. undetected rise in blood urea. (iii) An isolated pocket of fluid in the peritoneal cavity with a high urea concentration, left behind when absorption of the remainder had largely taken place. (iv) A fa'ster absorption of water than of urea, with dilution of blood to "precedema" level.
(v) A selective excretion and absorption mechanism in the peritoneum. (e) In pregnancy, glucose is found in the blood of both mother and foetus, but fructose, which is present in significant amount in the blood of the foetus, does not pass the placental membrane, for it is not found in the maternal blood. There does thus seem to be some evidence that living membranes can exercise some selective action on the passage of diffusible substances through them. The last point I want to discuss is that of complications In the first case which I have described a bacillus coli infection of the urine occurred; this is, I think, attributable to the indwelling ureteric catheter, which it is almost impossible to keep aseptic. The infection was controlled, fortunately, by sulphonamides and a high oral fluid intake.
In two cases recorded in the United Statesl7, 20 infection of the peritoneum with gram-negative organisms occurred and was combatted by the administration of streptomycin-not yet generally available in this country.
In any of these cases, and, I think, especially if hypertonic solutions are used to excess, there is always the possibility of upsetting the delicate balance of the body metabolism.
I believe that such risks, however, should not prohibit the use of this method if the occasion 'demands it.
CONCLUSION
In conclusion, in acute uraemia,. where there is reason to believe that kidney function may recover if the patient can be kept alive long enough for this to occur, any method which tides the patient over the ur-amia itself whilst treatment is directed to its cause, may be life-saving, and peritoneal dialysis seems to offer the most efficient readily-available method. (It remains to be seen whether mass production of Kolff' s artificial kidney will eventually take its place in hospital practice, but peritoneal dialysation is at present at least a much easier procedure to institute.) Such causes of acute uraemia as anuria due to sulphonamides, incompatible blood transfusion, renal calculus,, surgical trauma to the renal tract, the crush syndrome, mercury poisoning, and some cases of acute nephritis at once suggest themselves as suitable for this form of therapy, which,, however, should probably not be instituted until other f.orms of treatment have failed to evoke a diuresis.
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